Generation of a multi-layer muscle fiber sheet from mouse ES cells by the spermine action at specific timing and concentration.
Here, we show that spermine can induce the generation of a multi-layer muscle fiber sheet (MMFS) in mouse embryonic stem (ES) cells. ES cells were cultured by the hanging drop method and embryoid bodies (EBs) that formed after 2 days of culture were transferred to a 24-well dish (1 EB/well) containing differentiation medium. EBs cultured in the absence of spermine showed no evidence of differentiation of contractile muscle fibers. In contrast, the addition of spermine (0.5-1.0 mM) for 24 hr on day 12 of culture was found to result in the formation of contractile muscle fibers around the EBs by day 17, with further differentiation into MMFS by day 32. We found that spermine could only induce muscle cell differentiation in EBs during a limited period of culture. Moreover, high concentrations of spermine inhibited muscle fiber generation. Histochemical analysis showed that the MMFS induced by spermine had a heterogeneous architecture. Heart muscle cells appeared to be predominant in some regions, as evidenced by the expression of the markers atrial natriuretic peptide (ANP) and connexin 40 (Cx40), while skeletal muscle appeared to predominate in other regions, as indicated by the expression of MyoD. DNA array analysis showed specific enhancement of expression of muscle cell genes, supporting our conclusion that spermine induces differentiation of muscle cells in vitro.